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Effect and mechanism of choline on lipid droplet formation in hepatocytes
of dairy cows in vitro
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Abstract ; Dietary choline supplementation can prevent and treat fatty liver disease in perinatal period of dairy cows, but the role of choline
in this process is unclear. The aim of this study was to investigate the effects of choline deficiency and supplementation on lipid droplet forma-
tion in cultured dairy cow hepatocytes. Dairy cow hepatocytes were treated with 50 wmol/L non-esterified fatty acid (NEFA) for 24 h to es-
tablish a lipid droplet accumulation model, which was then cultured in the media lacking choline and treated with different concentrations of
choline, respectively. The size and quantity of lipid droplet were observed by oil red O staining, and the phospholipid content was determined
by thin layer chromatography. Finally, the expression of autophagy related proteins was detected by western blot. The results showed that the
lipid droplet content and diameter of hepatocytes increased significantly in the choline—deficient medium. With the addition of 15, 30, and 60
pmol/ L choline respectively, the lipid droplet size gradually decreased with the increase in choline concentration, and the average lipid drop-
let diameter was 1. 98 pwm, 1.68 wm, and 1. 54 pwm, respectively. Choline deficiency affected the contents of phospholipids such as phos-
phatidylcholine (PC) and phosphatidylethanolamine (PE). Compared with the control group, the contents of PC and PE were significantly
increased with choline supplementation in the treated groups ( P<0.05). Choline supplementation induced autophagy activation in dairy cow
hepatocytes, and the proportion of the autophagy marker the LC3— I /LC3— 1 protein was gradually increased, while the expression of the
P62 protein was gradually decreased (P<0.05). These results indicated that choline deficiency in dairy cow hepatocytes increased lipid drop-

let size. The phenotype of lipid droplet was reversed after choline supplementation, and phospholipid composition and autophagy might play a
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regulatory role in this process.

Keywords: dairy cows; hepatocytes; choline; lipid droplets; autophagy

WhA= L™ 038 18 W AR B 3 R B s 3
JAU S i R D, A TE R
HAR ML R TR SR S5 U ALK
REm AT, T X R RE R T, Wi HTH
Relifig g, BECREMAERRILAR TR ( non—esterified
fatty acids, NEFA) #EAMEIEIR, DL e AR B
Ko #RIr NEFA EIRBERFIEFIRTT B A1k, AL
et aE R R, A2 B RN NEFA iRl
R R o =R, BIR DRSS
HW A B D RE A, 52 e 0 AR B £ B RN LA
e, B (lipid droplet, LD) J& 28l 476 H
R A A, 35 R e 20 Y R T R BT AR
o BRI 20 M ) SR A AR A AE R A e, Al AR
R L | ROPE R, PR, Ui
0N 17 P L T 8 LR Hvh =R 2, (RO G IR
JFP I 40 3 2 K g i 6 1 3 | R g A P g R
PRI, X520 S A0 MR TR R N9, A BT
W] B 7 A= N W T JE CHL A

MRS T B E4E R, (E AV —FshAd K EE
LT ETRR, = 2 s B R (s
iEPE)  BIAFE AR SE , JF A sk ORGP A 107 T i)
TR S TEWh 2 B 7= kb 75 20 98 W BB, TT LA B
FRAR A A (0 R T s 7, 8K FIRL i 5 i 4% 2 T
ANEARTRIE AL M AT RE . PRt AR5 i
A I AR SN I NEFA 75 S BRI FUR , FEIR B Gk =
S SEE A ONUR S DAY F - &= S B R oW
BRI 5 LR W A I 2R ML AR AR AL B LR, A B
I FH NEBRAE 303 7 A i Js B L BV AR 4 .

1 #EETE

1.1 48A@

WA JE AR A B, el 32 B DR 98 K 2% Juan )
Loor - #m4 |
1.2 FERLFIFNE

SFALIRRE, 40 99.0%, Wy A _Lygkrdr T A4k
B B0 7 BR 2 |5 TG JE B RE 57 56 R 2 il e b R
DMEM JCRALIERR IS 75 58, W [ 3 v A W) BE 25 HOR
AR G4MYE . 0.25% EDTA JERg, W H &
Gibco 2F); JRWARR . 4L O, WY A bt Rk F R
ABRAFE] RARRY, W HSEAE; B AR
(PC) FIBENEBECEE: (PE), WAH CATO #F58fk2#
a2 EL HIh = IR A, W A RS R AR AR
ol BRI ELOREIR & (ECL), WA -

TEEHE Bl A= P B2 2 BB A7 BR A Bl RIPA Lysis Buffer,
) H 1 [E Beyotime 23 Fl; B—actin (66009—1-1g) Fl
LC3B P F0 [ Hi 4K (ab48394) g T Abcam 72 #l;
P62/SQSTM1 Z sefEhiik (18420-1-AP) LK HRP
IR FHTA 1gG DU . HRP RIRAEHT I 1gG Hiik
W F Proteintech 23] .

R Z YRR (18E GE &~ Fl), 5414R
REXFHEBHE O (F2E Eppendorf A H]), 6
FRAEE (fEE Leica 2AH]) o

NEFA fif#5# (10 mmol/L) , HA W Sk EH 5
My NEFA M, @35 MR (4.35 mmol/L), I
R (0.49 mmol/L), FEHEER (3.19 mmol/L), Hf
JEMR (1.44 mmol/L), #FHIHIAR (0.53 mmol/L)
1.3 ZHRELESE

VR AUHE TP I 1 SCURAE AW A AR, i TE
37 CoKE R s L, 7ETC AR S K R AT
LRSS 2 mL B0, 1100 g #5403 min, 7
P VEW, PR SLATHIAIM, RHRAILr A iR A5
A 10% FBS Hife BLAMal: oot mA 37 CH 346
P
1.4 #pasrEFfLE

Fr A AR g Y fE B IR A kAT, Mdl4 fL, &
23 Wk, 40 AE G I DMEM s 3R, fm A 50
pwmol/L NEFA AL 3R 12 h, DLi75 5 40 it i i L5
WL F o 40 B 7 TG A B G FR R 15 3%, EM O
pmol/ T IHBRALFRZE , 7F 40 A 15 7% W P BE B A 1F & &
JE4 30 pmol/L, FILERHN 15, 30 F160 wmol/L 51k
JEBEAE AR g0 A B
1.5 CCK-8 Z#illZmfaiE A

Wtk 6 FL Ak H AL T X B B W A A0 e,
750 wL JREEHAL 3 min, JIA 750 wL K537 3200 H
1k, 750 r/min B0 4.5 min, 75 LB, A
1 mL 35 R0 AN B, 15, 76 96 LA L4l
MR 2% 10* N/ FLAE A, TR A W AR 100
pL/ LR H 96 FLARE T 37 C . 5% CO,}EF:4 T
Yk S8 7, WG N SR A M, Y ARk K F
70% ~80%FF, 45IIA 0, 25, 50, 75, 100 £l 150
pmol/I NEFA Jl#%, M MNMKRER 6 MR, KRG HE
T37 C . 5% CO,4MIEEFAH AT 24 h, TEARIET
E45 RT3 h, TFLIIA 10 pL CCK-8 7], & T
37 C . 5% COMEFMTE , LB S, 4T
FEREFRAL, 4 96 FLAR B T IH EIHFAE 450 nm BPEKT
RN 45 £ A0 R G BE A DR T B AR 1, A R



BHEEE 20254 578 1M - 67 -

wr .
AURITE S1 = (INZh4l oD -2 (14 oD f) /
(XHHRZH OD (H-25H4 OD {H) % 100%,

1.6 BEMEMLO O 36

Bub gnpatk, A PBS BE¥ 3 Ik, H 4% KW
[ 4 W [ 2 20~30 min, F PBS £ 3 K, JIIA 60%
SENEEYE S min, SR)E A B ECHI AL O TAEWR
(MZL 0 : K=3:2) #H 20~30 min, EFPROIE,
PBS UEWk 2~5 Ik, HENEA ZRMYGRHA T, T
R, BT A L, o A s
FESREEHE I . FIFH Cell Sens {452 i Jii i B A%,
3 M AL 3O IR T ) 50 A N B S
1.7 ZHMERESENE

YR FRAC BRI , e HEH I = g a0 & i ELAR
B EA TR o A A, 25 SRS FR
1.8 = @ik gAaRAE

F IR Foleh 45 5 4R U 4 M A RS o, FH
FEEMr (TLC) Mg $2 LR & PC FI PE & &,
BUTR % 8 )2 09 GF254 %k e M, i 76 #E 48 7
110 C{Ffk 40 min, SRR 5IEARHE PC. PE DL
J 0, 15, 30, 60 pwmol/L SAALNAGHALHELH 4 5 pL B
P& OB TE W 2 A b SR B AR S 100 mm x
200 mm K/NEYJEIFGT, FE R IF AT H ST - H B - K
(B 65 0 25+ 4) 4rElRZS, HH 5% £ 1%
Pea EATRI , BERR i E A S5 FRME PC A PE 4T
Pk e it
1.9 FEARIMBERNAMEERRIE

FEBRIGFRMMCAR AL, i R A 20 4 2 T 4R K
WA SRR o E IR SR I e R, B R
BT, UG, 17 SDS-PAGE, /5 i H
PVDF AT 44, KIREM 2 h, dK 4 C—
Bt (LC3, p62) WEE, 5% BSAMENFBEM, VL1 -
500 F B, B-actin BL 1 : 5 000 i B, ¥ PVDF
B BT J5 & ThiiRkh, FEIR R, mll—4T, VR
S5min, 5K, ZETERTE LI RIBEIR bt
(1:5000) 1.5h, FHL, YEAES min, 5K, i
Je FAAb 2 R B SR
1.10 Zito#hr

B A B 1 SPSS 20. 0 #7480, BdE R
P bREZ” Fon, ZOA3IANEHEE, R
PR Ty 2200 0 Al e K3 AT WE P H, P<0. 05
TR BEES

2 H®HR

2.1 NEFA FEM4AFAEAERREREER
BRI I IR BOASE , FEAS I e

SJeESL T NEFA 53 0TS R AR R A A, 7R85 5%
Frhm oA 25, 50, 75, 100 F1 150 wmol/L ¥ JE 1y
NEFA ZbFH5 20 JIF4HRE 24 b, @adher O Jefa,, Wigg
ML N IR IE UG &0 (B 1A) o SRR, W4
A M PN BT -2 BLARAE 0~ 150 pmol/L NEFA #bFHF
SRR (K 1B), 125, 50, 75, 100 Fl
150 wmol/L NEFA BT, JHGH AP e 2H i) BT F- 34 A
A 0.65, 0.79, 1.11, 1.65 1 1.70 wm, i
HHAMIEAR I NEFA 30T 052 JF-40 i A B e 1 /N
CCK-8 40 M 3% Jy 4l & B, 4 NEFA {1 H i[5 A
24 h, BE#E NFEA ¥ EE 0TS 40 R TG 18 Wit ; >4
NEFA % & T 100 wmol/L I, 4 Jig 34 %8 B i 52 5|
M, SEOEHMIET: (K 1C), HiW] NEFA AL
FEARANMIS 01, I SERWEA X, Z8ATha o Al
CCK-8 M2 SR, 6N 5 Wi 41 B 1 (015 0 T,
50 wmol/L %) NEFA X 4t Jifd i i 4 FH % > W1 &t
I, JEEEREER 50 wmol/L NEFA 403 474 25 JT 44 it
24 h KiFE S R R R
2.2 REEEER = X434 BT 40 A A i Y B N

B3 AFAIMIAE 50 wmol/L NEFA LA Kz fIH fis ke =
FifR R 5 5R 24 h, Gabihar o s 25 R ik 2 By
No SIEH 50 wmol/L NEFA Zb¥H4H (CON) #HIt,
NABE G Z 20 (CD) 40 A H A i 5 25 2 A0 40 i i ¥R 11
K/NEER R (P<0.05) , X—45RRM], M=
AT DL 5] RS JHE R 4 M i Bl BT i BS 2, BRTE B B
TR,
2.3 #b7E BRSS9 4 BT 40 A A i Y B Nl

B MR BRAS ST R B T, IR /N AL B R R
=, NIRTE L HE L BT, K R E R R
(EI3A, B); N&i P-4 80 s ik 2 miw a e (&l
3C), MifgE AR FREE (K 3D), X—4%
SRR, IR AR AT 5 5 A A PN A i 2 7 AR
b, (RGBS /NRECE I 22 il RS 19 L s
AN, /NBETE LIRS AN
2.4 BEFEXT L BT 40 R B RS O 52

R T 2B WS RO i A R B TR L, 3k
630 o 2 1% 20 B T AR 4 B B PC RN PE Y
B, SR 4 TR, 5 0 wmol/L HFR AL BR 4 AH
b, BEERRGRVE B (3 £, PC & L 23 i 3,
FF Rk B, Hod 60 wmol/ L HHBSZH 34 i i 2%
(P<0.05); PE M7 30 F1 60 wmol/L AH B b B
B ER (P<0.05), VA F45REN, 5o AHm
AT LASE Mol 7% 2 I 200 ML B i 5 1, 14 in 48 ML PC AR

PE &5,



- 68 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No.7

A
b * ,A..‘.-:'
p- ’ ~..‘.‘ £
1 % § 3
' W
O MR
e PN : e
0 pmol/L NEFA 25 pmol/L NEFA 50 pmol/L NEFA

R e, e, T el
N ' Sigiw % B ™ Q

l; . 3 ' ol “e Tk .
8 .?1‘. § afe ""J‘.' N o3, .. ¢ 2 .;w‘

SR Al T Y
L or

Phais v as :::‘ l;__E'_ ";"1‘-"

.'c ." .'cﬁ.- e 4 ty 38" _,‘.. P i
75 wmol/L NEFA 100 wmol/L NEFA 150 pmol/L NEFA
B 2.0 - (v 150

g 15+

3.

& b g

g 1.0 - g

2 E

£ 05

e
0.0 — :

25 50 75 100 150 25 50 75 100 150
NEFAYE/(pmol + L) NEFAWE/(pmol + L)

A, SHNARIHIAL O et B. AUMUIRIN EARDIE; C. NI OWE ; ARVNG FREREREE (P<0.05), T,

Bl 1 AERE NEFA 12340 A B i 2 B F0 40 B i 1 B 220

C *
vv
g24 o v
2 .
¢
B 14 .
=
=
R € : i o—TT1T
CON#H CD4l CON  CD CON CDh
ikl ikl

A, ARIHMAL O Betn (FRR =10 wm); B. MUIRBESHEIE ; C. MEMEHM ERNE,; « FREREE (P<0.05), T,

B2 AEREBERRZ XS/ ERHN



FHSHEE 20254E $57E £ . 69 -

JIERgHE BE/(pmol - L)

0 30
A i;‘ '{ i h‘.‘ .”_.k {
’Q .':'-g "‘ .‘ '.-o..' Ao ?'l’ ﬂl * fn‘
. : ';.h .‘." + ' "' ‘ [ 3 -"":':l ’q f . *
et % B e "‘ s
il e X 5

B D
3 400 80
A -~ 0 pmol/L NEFA
- - 15 pmol/L NEFA
EL <: 300 = a 60 ~#- 30 wmol/L NEFA
& 2 ° = = T 8 -e- 60 p.mol/L NEFA
i o v & b =
b —F & 2004 b R
b

B B fm
E 14 =
2 gm
5z = 100-

0 T T T T 0=

0 15 30 60 0 15 30 60
FEBRYE BE/(pmol - 171) N BE/(wmol - L) HEH AR/ pm

A, AL O B @R (AR =10 pm) 5 B. JRE-FHER; C. IREFLECEE; D. IR/ NME L],

B 3 AR[E)R B BERE T 4 BT 20 B A i 72 B 0 2 )

A JEBRVIE (pmol - L) B 0.8 ¢ s
PEPC 0 15 30 60 -
a
0.6 b ] .
nm mm 1.0 e
b b
41 4
= 04— =
z L
[&] =
& =~ 05
0.2
r 0.0
o 5 20 I 0 15 30 60
HEBEH BE/(wmol - L) HHBEH BE/(wmol - L)

A RO AIBENG s B. 0L PC BRI B AL C. 400 PE SRR S &, « « FORZERMEHE (P<0.01), T,

54 AR EERBRL X 4 4 AT 4 R Bk A & E R

2.5 REREXTOA4ERT4AAE B 1 E A RIEH N P62 A MRIL B EFRIL (K 5C) (P<0.05), iX—
LC3, P62 B (A A WK M Zhr kY,  Z5RR, ORI [ WG sz B0, 1A ST AR AR

FEVRIN 15, 30 A1 60 wmol/L HBK 5, B WEhREY  RRUSIIG U4 AU A B WS 2

LC3- MI/LC3- 1 My L fl W23 I (& 5A, B), Tfif



- 70 - Animal Husbandry & Veterinary Medicine 2025 Vol. 57 No.7
A JAGRARIE/(pmol - L) B 0.4 ¢ 2.0 *kk
0 15 30 60 T
N X
9 1’
" - d o = _;é . :
i o
3 . II T s
LC3-1 0.1 £ 0
LC3-TI 0.0 0.0
0 15 30 60 0 15 30 60
ABBEHE E/(wmol - L) AEBEHE E/(wmol - L)
A. Western blot 53#7; B. LC3-11/LC3-1; C. P62 KRBT * + = FRZEFWEFH (P<0.001),
B 5 R kA AR 4 FF R BAS I ik ok T AR
3 it i, BEIRSEIR TSI BRI -, B R PR

FERSMEFR AN, BRI AR R TR D B LT
WA o AL A [l A DN g 7 IR oA, —
FEBGFEIE A NEFA DU B AL R WA TR
ATLIES], i NEFA WREERIBEIN, BRI Z EHiAIR S
ZHHBRLR, HTIEBRLIE TR EEE, NEFA ¥k
JE RSB RANM R EAET, LA A0S 1 Fl s
TR AIZE R P T 50 wmol/L ) NEFA Ab P2 i
TR SR

JIELBR A A S 200 S 1) SE A 1 5y, AR B R PC
MR, BERRM, S WA e 4 W T AT gt
ZHAGE, XX RETIRE, R0 = AR AR 2 B AR AR
(VLDL) 14 B A3 Wb 7= A AN g, 1 e BBl = 3
A0 FE RE B T DA D S = R AR A £k A
VLDL [19% Pt ol 20 43 06 75 ZEWE IR WE AR AR, A 2Rk
JE B AEAR Y 5 AN 5 R AR AR A I, BT LA 2
AR AR 5 37 2 FR IR, #hFEAREE AT LAEE = VLDL
ARG, DTS Bl L A A A PR A 38 22k 4 g
17, 3L =R AR e B AR AR &
B, VRGNS A 20 M e IR = B, 20 B g I
IR AR IR, X SR A M AE sl = IR
Aef s 3 ORI 1 S AR R R AN [ e B P LB )
RIS JF A e i i A A S IR S AR M BRI
RIESLESE R, MGRHBEAE 0~ 150 pmol/L U il P
AF, Bt REARA BB, A B0 P9 H I = R A &
R, X SAMREE R -8, #HF—L P RER
He B & B0, ARG RE % 5% i N [ B4 IR ik 1) 43 A EL 3]
FRLEARSMNE SR A M b, IO RE 8 845 40 L i
RN,

TR A AN IR SR A A7 ) B2 i, HAZ OS2
M=, SMEREE — 2 AR, RN AR A Kt

JIES %) A4 0 01 R RN 2 BB A 1) A2 2 ot i 1 R/ v
AR FER R R, SRR A7 21 BRI
IF, SRR TR e ELBRE 5 A RSS20 L P H i
R B i R A3 i T A2 BN PC RS2
Wi, #MFEARBRAE PC S Ty, 5 g Y 3 sh
ke E T eI b, ol R o b & B,
R AR 3, BN PC & Rl 2 G,
X B IR0 P RE3E 52 40 PCAF i IR X 440 e s ik
RN R FERAEER

H g — A 1 IR Rt R, AT AR ) 32 45
AR ECE AR AR A i, JF SR ARG TS
R m ) L3 2 W S A SRR AR
Alorh 2 FREAY, 35k LC3- 1 M Le3-11, LC3-
I EEAAETMMRE S, mLe3- 0 EEFET AW
PR R s B A 1 > A sz BBOE B, LC3- 1
TE H W B BTN S BEREME C BERIBE , R Iois ok
B LC3- T #54b MAgmfb i IE = Le3-1, i&fk/E
LC3- T A o du il A me iy D g, Btk LC3 -
I/LC3- T f oAl = Km0 & A=Y
YRR —Fh 2 A 2R, P62 AT LIS [ Wi
LC3 EEHMZ REALS, e Ry
SEAER| A WEAR R i T R B R, S S P62 K
SRR, L, —AH P62 KRR B A
Wi v WA 9 T U Y Wk e fige 1) 2B, T P62 K P T
ER AR RE SRR LS A, H A e
ABFFEH, W15, 30 F1 60 wmol/L AL MHTH ),
LC3-11/LC3- | By LL{EZ Hr 3G hn, 10 P62 AR ikZE
Wb, 3 3 IERFE A% T 2 L R PSR R
R RN, AR e B — B (R e B A e =Cg
FIWE, g e n] DL e 28 7y e B 3 0 BB A I
JE e AL BB RE AT, WEAR G LR AR A2 E WA



BHEEE

2025 4F

W51 BT <71 -

ARG SIUR | DA Il R T LBk 114 S R A8 fe %o 1 e
%%%ﬁﬁ%ﬁﬁ T, AWEASCHE 3%

A RERZ IR AR WA B R AR A B, A
BEHﬂ@ﬁé§$U£&ﬁi%mﬁﬁﬁﬁﬁﬂéﬁaéﬁ¥$ruﬁ%@ LC3- 1 [i)
LC3- [ %4k, TRIEYE N P62 MRk, RUIM
BRLCE T FI RS, TR 1 M A B e 1 R A

TEBRIER A AR, DRI 1 g R B 2 A A 2 i R
—A 2w,
4 BB

A g0 it R R A BT A TR M,k Bk = E
B2 SR T4 A MAR T EARRE K, b SEAReL AT fie
R R AR, I B8 20 MO A 5 A AT
M W, X O R BRGNS A e A A
AR B T B .

SR

[1] CONTRERAS G A, SORDILLO L M. Lipid mobilization and inflam-
matory responses during the transition period of dairy cows [J].
CompImmunol Microbiol Infect Dis, 2011, 34 (3). 281-289.

[2] JANOVICK N A, BOISCLAIR Y R, DRACKLEY J K. Prepartum
dietary energy intake affects metabolism and health during the perip-
arturient period in primiparous and multiparous Holstein cows [J].J
Dairy Sci, 2011, 94 (3): 1385-1400.

[3] BOBE G, YOUNG J W, BEITZ D C. Invited review: pathology, eti-
ology, prevention, and treatment of fatty liver in dairy cows [J].J
Dairy Sci, 2004, 87 (10): 3105-3124.

[4] RINGSEIS R, GESSNER D K, EDERK. Molecular insights into
the mechanisms of liver—associated diseases in early—lactating dairy
cows; hypothetical role of endoplasmic reticulum stress [ J]. J Anim
Physiol Anim Nutr (Berl), 2015, 99 (4):. 626-645.

[5] JIAHD, LIX B, LIUG W, et al. Perilipin 5 promotes hepatic
steatosis in dairy cows through increasing lipid synthesis and decrea-
sing very low density lipoprotein assembly [J]. J Dairy Sci, 2019,
102 (1) 833-845.

[6] GLADE M J, CROOK M A. Choline deficiency: is it being recog-
nized? [J]. Nutrition, 2022, 94. 111509.

(7] #EaEiE, ZEAE, RGPRE, S5 IR IR AR B8 [ 7 191
A IFLEERERAT NG A AR ()], BB R, 2022,
53 (3): 802-812.

[8] FOLCH J, LEES M, STANLEY G H. A simple method for the isola-

tion and purification of total lipides from animal tissues [ J]. J Biol

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Chem, 1957, 226 (1) : 497-509.
EHENE. RBP4 AN B AR b 2 1 3 R RS 1 5 R
[D]. RP&: BIRIT/A—RERS:, 2017.

MCGUFFEY R. A 100-year review:
J Dairy Sei, 2017,

metabolic modifiers in dairy
cattle nutrition [ J]. 100 (12). 10113 -
10142.
PIEPENBRINK M S, OVERTON T R. Liver metabolism and pro-
duction of cows fed increasing amounts of rumen—protected choline
during the periparturient period [J]. J Dairy Sci, 2003, 86 (5):
1722-1733.
GRUMMER R R. Etiology of lipid—related metabolic disorders in pe-
riparturient dairy cows [ J]. J Dairy Sci, 1993, 76 (12) . 3882—
3896.

EEE. MBI A A IR AR I HLRIDF R (D],
PRI R, 2022,
HERKER E, VIEYRES G, BELLER M, et al. Lipid droplet contact
sites in health and disease [J]. Trends Cell Biol, 2021, 31 (5):
345-358.
CAVIGLIA J M, DE GOMEZ DUMM I N, COLEMAN R A, et al.
Phosphatidylcholine deficiency upregulates enzymes of triacylglycerol
metabolism in CHO cells [ J]. J Lipid Res, 2004, 45 (8): 1500—
1509.
OLIVEIRA C P M S, da COSTA GAYOTTO L C, TATAI C, et al.

W

Oxidative stress in the pathogenesis of mnonalcoholic fatty liver
disease, in rats fed with a choline—deficient diet [J]. J Cell Mol
Med, 2002, 6 (3): 399-406.

MARTINEA-LOPEZ N, GARCIA-MACIA M, SAHU 8, et al. Au-
tophagy in the CNS and periphery coordinatelipophagy and lipolysis
in the brown adipose tissue and liver [ J]. Cell Metabolism, 2016,

23 (1) 113-127.
RN, JEPE, BHERE, S =T8O R A0 A DG 2
M Beclinl, LC3, p62 Tk [J]. P EZH TR, 2024,

30 (3):30-36,

SCHOTT M B, WELLER S G, SCHULZE R ], et al. Lipid droplet
size directs lipolysis andlipophagy catabolism in hepatocytes [J].
The Journal of Cell Biology, 2019, 218 (10) : 3320-3335.

LIISA E E, SHUN K, MASAAKI K. p62/SQSTM1 droplets initiate
autophagosome biogenesis and oxidative stress control [J]. Mol Cell
Oncol, 2021, 8 (2): 1890990.

SCHUGTTER M, GIAVALISCO P, BRODESSER S. Local fatty
acid channeling into phospholipid synthesis drives phagophore expan-
sion during autophagy [J]. Cell, 2020, 180 (1) 135-149.
KOTANI T, YASUDA Y, NAKATOGAWA H, et al. Molecular

mechanism of autophagy, cytoplasmic zoning by lipid membranes

[J]. J Biochem, 2024, 175 (2): 155-165.





